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Search for radially excited
Xy (2°P)) and

other new cc-states

near the DD-threshold in
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Q allowed in yy-fusion
[quasi-real photons:
J=1 forbidden (Yang)
C =+1 (two photons)]
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Two-Photon Interaction

vy-fusion: clean environment to study charmonia

/
Eé+ et no-tag mode
o (e* not detected, lost in
et . beampipe
et pipe)
(%) small e* scattering angles
i - quasi-real vy
7(>l<) - large missing mass
e - MM? = |p++pe-px|’
e X: - small transversal
o e_/ momentum p,(X)
This analysis: € - Spin-parity J*: 0%, 2%, 37...
- J=1 forbidden (Yang)
- Charge conj. C =+1

e+e_ — e"‘e_yy
vy — X — D°DY(DTD™)
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The BABAR Experiment

Electron-Positron Collider: PEP-11/ SLAC ? BA BAR

BABAR Detector

Instrumented 1.5 T Solenoid
Flux Return

PEP-II
Rings ™

Positrons

Low Energy Ring
BABAR Detector

Drift Chamber

Integrated luminosity
1999-2008: 531 fb!

e~ (9.0 GeV)

Electromagnetic
Calorimeter

PEP-II
ete- CMS energy Cheren(lg;; g)etector
— YT (4S5) [T (25),T(39)]

max. luminosity. > 1.2 x 103 cm2s"!

Silicon Vertex
Detector
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Analysis Overview

* Data sample * Monte Carlo Simulation

384 fb-! 800000 MC events generated
for each mode
GamGam event generator

5.6 x 10° hadronic events

* Decay modes

_ -yy > DD
vy — Z — DODO for mass-dependent efficiency
N4 DO - K7t DO — Ktrn~ and detector resolution
Ns DO - K—xt+ DO - Kta—70 -yy > Z > DD

N6 DO - K—xt DO o Ktr—an—=nt for resolution model
N7 DO ., k—x+7:0 PO _, g+,.—7r—ot+ Vverification

vy — Z — DVTD™
C6 Dt  K—ntaxt D - Ktn 7

May 18, 2010 T. Schroder, QWG 2010 Y.»(2P) at BABAR - 6



Selection of Two-Photon-Events

Control sample ete~ — K~ KTrtr—X
Complete data sample:
- ¢ e-annihilation

- Initial State Radiation

- Two-photon-interaction
@ Typical for ISR: JAp - JP =1

Use JAp- and m), as reference signal
for definition of selection criteria
for 2-photon-events

Total spectrum

N

Jhp
000, - N k

Typical for yy:

nc_JP:O_

2500} . Xeo £
@ 2000 *“m;ﬂ& :
1000 E
5000 -
98 3 32 34 36 38
m(K'K ') [GeV/c?]
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. s
Selection of Two-Photon-Events b/

Control sample ete~ — K~ Ktrxtzn™
Complete data sample:

. B 1) Missing Mass
- ¢*e-annihilation ] ,
- Initial State Radiation MM?® = (pe- + Pe+ - Prkar)
- Two-photon-interaction —1C) e@ct ISR background
2 2)\2 2 232
RS : Total spectrum | % f MM <10 (GeV/c?) 0 3500 MM”> 10 (GeV/eT)
> 40001 T > 1400F 4 = : ]
S 35001 Ne | JAp ] S ; I { S 3000} L~-1}nc :
o Ll o 12001 1o 2500i WLJ JAp .
~ 30000 ~ i 1~ - E
£ 2500 0 1 E g 1 °E 20001 ™ E
4 2000} Yo, ﬂa - | o, ﬂl& X2
: ] - 1 7 1500F Tl E
1500 -"'ﬂhﬂ?&i : 600; : 000l " jLLJH |
1000} E 400;Hmmr TN ;
500} E 200 . LH“L; 500 E
ELL 1 . L L ] L ) ) N L] L L l l L L . N
98 3 32 34 36 38 98 3 32 34 36 38 98 3 32 34 36 38
m(K 'K ) [GeV/c?] m(K 'K n'n) [GeV/c’] m(K'K ') [GeV/e?]
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Selection of Two-Photon-Events

2) Jhp and m,

signal entries dependent

on transversal

momentum p(KKnr)

3) Quasi-exclusive
reconstruction:
Total energy deposit
in calorimeter

v

Selection criteria:

- MM? =

(Pe- + ot — i ki)?
> 10 (GeV/c?)?

(wrt. e'e Ec<0.4 GeV . - pt < 0.05 GeV/c
Direction) ﬁx (except photons belonging | Ecy < 0.4 GeV
to final state) |
= 1000 [ IN, (p) §250’\H Ny | o -
3100 IR AN A % 600 1 Final mass spectrum
8 800 |- 1 & 1 | | [T ]
2 i 150 - | | . o 500/ e ]
£ 2 100 || | 8 400, h T .
a 1z b | B f J Xco
400 g | | = i |
R 50 R [ B M 300p ’HN .
AL SR PR RN y,
200 [-" . : ERARRAREAN: g Uy Xe2
T 0 | ] 200 Vins ]
i ! 5 | 1|
3 I S L 100/ "l
0 02 04 06 08 1 0 02 04 06 08 1 :
p (K Kwm) [ GeVie p(K'Kww'm)/ GeVie 98 3 32 34 36 38
—reject annihilation background m(K 'K ') [GeV/c’]
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D mass spectra

Exclusive decays

- exact number of
final state particles

- reconstructed nt:
allow 0/1 depending
on decay mode

D/D/DD vertex fit
probability > 0.001

Complete data set

(no two-photon selection)
Fit: Gaussian +
Polynomial (background)

Define signal regions
(£1.5xFWHM; blue lines)

(mass of other D-candidate

within signal region)
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Summary of selection criteria

DD Event selection
- Exact number final state particles (K=, = %)
- D/D/DD vertex fit probability > 0.001

- D/D signal regions

Decay mode | number | D mass window | D mass window
of 7° MeV/ ¢ MeV/c*
N4 0 1863.4 £+ 22 1863.4 £ 22
N5 1 1863.4 £+ 22 1863.4 +43
N6 0 1863.4 £ 22 1863.4 £ 16
N7 1 1863.4 £ 16 1863.4 +43
C6 0 1868.6 =19 1868.6 =19

* Two Photon event selection
- Missing mass MM? > 10 (GeV/c?)?
- Transversal momentum p(DD) < 0.05 GeV/c
- Total energy in calorimeter E_,; < 0.4 GeV
(without energy of y used for T in N35,N7)

May 18, 2010

* check for multiple candidates per event
select best one via DD vertex fit probability
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DD Mass Spectra

e Combined
60- spectra

o + ﬁ = 7(3930) |

o H :
o AT

Entries / 20 MeV/c
Entries / 20 MeV/c

20 J(J( -

| ol :

%7 a8 39 4 a1 42 43 37 38 39 4 41 42 43
m(DD) [GeV/c?] m(DD) [GeV/c?]

Estimation of background

- Combinatoric background: - Contribution of

obtained from D,D sideband regions D*D - DyD / DD

—Signal region (3.91 —3.95 GeV/c?) |  (Monte Carlo simulation,
dominated by real DD-events arbitrary scaling)
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(DD) distribution

Entries / 8 MeV/c
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Check for non-2photon contribution in Z(3930) signal region

vl e by s by s by by by by by s Ly

0/ ! MC
It (reconstr.) |
8 ] |
1
6
4‘:\ B .
2 —: R A_*_—h !

= |

| S A LA A SRR DAL DAL UL
0 0.020.040.060.08 0.1 0.120.140.160.18 0.2
pt(DD) / GeV/c

- all selection criteria but p(DD)
- events in Z(3930) signal region

3.91 — 3.95 GeV/c?

Entries / 8 MeV/c

30 F N
Data

251 5

20 % | | |

L TR

10| HI I

5 *{' ..... J|j1|| ..... 1JH4II1|J|L,

0 e R
0 005 01 015 02

pt(DD) / GeV/c

- Fit: MC lineshape with fixed parameters
(red line) plus polynomial background (-)
D*D contribution (missing y or n°) (solid hist.)
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o
%2000 | -
=1800 | data from{ =
S1600 | c6) 1w
21400 | E
51200 | -
(51000 | -
800 | E
600 F E
400 -
200 | -
) = — o
002 0. 0 001 002
Am,, [GeV/c?]
Mass-dependent resolution function: .., ¢
Multi-Gaussian distribution /

Parameters

- minimum width o,
- maximum width ro,
- AInlres - mrec(DD)'m

May 18, 2010

Detector resolution

22200 : (total MC *

(DD)

g0

- fit to complete dataset = Parameter r

ro

|

|

42

(Amres —

4.4
m(DD) [GeV/c?]

exp[—

- divide MC data into mass dep. subsets

- repeat fit with r set to constant value

- parameterize o,[m(DD)]
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Reconstruction efficiency
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Fit to Data
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Belle: m=3929 + 5+ 2 MeV/c?

'=29+10+2 MeV
Ngigna = 64 + 18

Unbinned Maximum Likelihood fit

- data corrected by mass-
dependent reconstruction
efficiency

- Signal: relativistic Breit-Wigner

- Convolution with detector
resolution parameterization

- Background model

/2 =2 (m — my)el-Bm—mo)

m= 3926.7+2.7+1.1 MeV/c?
I'=21.3+6.8+3.6 MeV
Nignay = 76 £ 17

Significance 5.86
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Angular Distribution

Entries in signal region
(from fit to data; m, I" fixed)

Data efficiency corrected, €(cos0) DD
Lab momentum
o- i | |
220 -
£ :
515 | | -
_ Spin 0 = Flat distribution
10 |- \\ __
N i Spin 2, Helicity 2
P T R S S TR VO— I_
- ™ [ déz_é\ge o sin*f
0 \|L
-5 2 | Production: C =+1 Decay: J=L
TPV PC —
0O 02 04 06 08 1 = J*% = 2"" preferred

IcosOl Consistent with Belle result
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Cross Section and Two-Photon Width E

Cross - En) NS'i nal
, oleTe” — vy — Z(3930) — DD) = J =741+ 166 b
section: ( i (3930) ) ep [ Ldt
(eg: mean reconstruction efficiency including D branching fractions)
) 1200 [ R
= S 2 | Use 2-photon-generator GamGam:
51000 - pin 1 Calculate cross-section 0
" s00 [ exp. | depending on two-photon width T',,
§ - Compare with data (for J = 2)
QNZ 600 : s
L 400 - o 1| T, [2(3930)]BF[Z(3930)~>DD]
=
oo P —0.24 + 0.05 + 0.04 keV
0 200 |
O
o} 0 - N Belle result
0.1 0.2 0.3 I, (Z)xBF(Z>DD)
I',,x BF(Z(3930)— DD) [keV] =0.18 £ 0.05 £ 0.03 keV
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Systematic Uncertainties

Choice of Spin J=1, J=0 <0.05 <0.05

Value of R (Breit-Wigner) <0.05 <0.05 <0.0005
Background model 0.4 3.0 0.029
Convolution steps = 35 0.2 0.2 0.003
Convolution range + 0.02 MeV/c? <0.05 0.9 0.003
Resolution multi-Gauss r + or <0.05 0.1 < 0.0005
Fit precision and mass scale 0.9 0.1 0.001
Uncertainty in D mass 0.3 - -
Combined reconstr. effiency: polynomial <0.05 0.4 <0.0005
Efficiency: angular distribution - - 0.018
Error in D branching fraction <0.05 <0.05 0.010
PID 0.4 1.8 0.004
Tracking efficiency correction <0.05 <0.05 0.022
n° efficiency correction <0.05 <0.05 0.003
Generator precision - - 0.007
Choice of Form Factor - - 0.002
Luminosity 0.002



Summary of Results

Observation of a resonance in vy — D9DO(D1TD™)

consistent with Z(3930) (Belle) Yo(2P) — |

* Signal significance 5.8c - O T
* m=39267+2.7:+ 1.1 MeV/e? e DD
e '=21.3+6.8+3.6 MeV DD
* N=76+17 —— o
=2 L

Decay > J=L—> P=+1

Production (yy) = C=+1 E> Charmonium

- JPC=2"" preferred Yo(2P) [2°P,]
. FWXBF[Z(3930)—>DI_)]

=0.24 £ 0.05 £ 0.04 keV

! ! 1
o+ e o++
0 1 2
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